Scale (K-6), a screening scale designed to identify persons with serious mental illness. The predicted marginal prevalence of psychological distress and occupational injury with the adjusted odds ratio were estimated using multiple logistic regression analyses.
INTRODUCTION
Any one who works for a living can be a potential victim of a work-related injury. It is estimated that 11.7 per 100 people, or 4.4 cases per 100 equivalent full-time workers, experience occupational injuries annually [1] , which translates into approximately one worker injured at the workplace every 5 seconds in the US [2] . Since the 1990s, many studies have reported the association of workrelated stress, job demands, and safety culture of the workplace with occupational injury occurrence [3] [4] [5] [6] [7] [8] [9] . However, these studies did not fully capture the various psychosocial aspects of occupational injuries, including individual mental health problems, such as depressive symptoms and serious psychological distress (SPD). Recently, researchers have recognized and understood the role of psychological factors in the occurrence of unintentional injury [10] [11] [12] [13] , but this same understanding has not yet entered the occupational health context. Exploring the impact of psychological risk factors on occupational injuries may extend the scope of occupational mental health policy [14] .
Serious psychological distress is nonspecific, multiple psychiatric symptoms that can constitute a mental illness Vsevere enough to cause moderate to serious impairment in social, occupational, or school functioningW [15] . SPD is measured using the Kessler 6-item Psychological Distress Scale (K-6), a measure of nonspecific psychological distress that is sensitive to discriminating community DSM-IV cases from non-cases in the general population [15, 16] . Population surveys have reported that certain levels of SPD imply that the respondents have coexisting mental disorders [17] . In particular, major depressive episodes, phobia, anxiety, and depression were mental health problems that substantially overlapped with SPD [18] . SPD may be understood as a screening tool for identifying serious mental illness needing treatment rather than a specific disease; hence it can be more relevant for planning effective intervention in the workplace.
Numerous studies have documented various effects of SPD on working life. Most often, it has been examined as a sequel to a traumatic event. The depressive feature of SPD may result in increased susceptibility to pain and reduced stress tolerance. Workers with depressive symptoms and dysthymia were disabled longer and had higher rates of recurrence. Depressive symptoms and dysthymia affect work productivity, sickness absence, and work limitations due to disability, and may even lead to withdrawal from the labor force [19] [20] [21] [22] [23] [24] . However, relatively few studies have addressed SPD as a risk factor for unintentional injury [12, 13, 25] . The potential mechanism of how SPD plays a role in occupational injury or is partially associated with occupational injury is not clear. In this respect, this study examined whether SPD is associated with an increased risk of occupational injury using a nationally representative sample survey. The distribution of SPD by the nature of the injury and the impact of SPD on occupational injury risk across sociodemographic subgroups were examined.
METHOD

I. Data Sources
The study population in this analysis was drawn from the National Health Interview Survey (NHIS) [26] , which is a nationally representative sample of the United States (US) civilian non-institutionalized population. It is a cross-sectional health survey conducted by the National Center for Health Statistics(NCHS), which is part of the US Centers for Disease Control and Prevention(CDC). Using a multistage complex design, it collects healthrelated information from a nationally representative sample of households. Each year, members of 43,000 households are interviewed in person, yielding data on more than 100,000 persons in all 50 states. The response rate was approximately 90% of the eligible samples.
Here 
II. Measures
The study outcome was the experience of occupational injury in the previous 3 months. Injuries in the NHIS include any accidental or non-accidental injury requiring medical attention or at least a half-day of restricted activity, including bed days, work-loss days, or cut-down days. Each injury episode involved International Classification of Diseases (ICD) codes 800-999 and impairment(X-codes) due to accidents or injuries. Occupational injury was identified if the answer to the question, Vwhat were you doing when the injury happened?Wwas Vworking at a paid job.W Serious psychological distress during the previous month was measured using K-6, which was developed for screening persons with mental health problems severe enough to cause moderate to serious impairment in social or occupational functioning that requires treatment. K-6 is one of the screening tools commonly used to measure the current level of serious psychological distress or depression in the general population, and consists of six items: questions beginning with Vhow often in the past month did you feel\Wwith specific symptoms including Vnervous,W Vhopeless,W Vrestless,W Vsad or depressed,W Vtired out for no good reason,Wand Vworthless.WRespondents self-report on a scale from 0 ( Vnone of the timeW ) to 4 ( Vall of the timeW ), and the scores of each item are summed to obtain a total score with a total range of 0 to 24. If the score is ] 13 or greater, respondents are considered to have serious psychological distress. The reliability and validity of K-6 for screening nonspecific psychological distress and depression in various populations have been reported [15] . Other covariates were also examined to assess the association between psychological distress and occupational injury as a potential confounder: sociodemographic variables such as age, gender, education, occupation, body mass index, heavy drinking, and co-morbidity with functional limitation. In addition to SPD, NHIS captured depression, anxiety, and emotional problems from the response to the question VWhat conditions or health problems cause you limitations of activity?WThis was intended to connect more serious depression to functional disability. The categorization of sociodemographic factors was as follows:
Education: less than high school; high school graduate; some college; college or higher.
Annual household income: less than $20,000; more than $20,000.
Occupation: white collar; service worker; farm worker; blue collar; not in the labor force.
Body mass index(BMI): underweight (<18.5); normal (18.5 -24 .99); overweight [25] [26] [27] [28] [29] [30] ; obese (]30).
III. Statistical Methods
This study described respondentsĉ haracteristics with and without SPD summarized by the raw frequency, weighted percentages, and standard error. The distributions of major demographics and injury-related characteristics between workers who had and did not have SPD were examined.
Effects of the association were presented using the age-adjusted rate and predicted marginal prevalence of occupational injury in the SPD group. The 2000 US Census population was used as the standard population for age adjustment. Predicted marginal
RESULTS
Of the 101,855 people studied, 6,634 had SPD, and 618 episodes of occupational injury were reported by working adults aged 18 to 64 years between 2000 and 2003 (unweighted). When weighted, 5.85% of the workers had SPD in the preceding 30 days, and 0.58% of the workers reported an occupational injury in the previous 3 months. The mean K-6 score version 9.1 and SAS-Callable SUDAAN version 9.0 [30] , which accounted for the complex survey sample design. The Taylor Linearization Method was used to estimate variance. All p-values were two-sided. A significant association between an exposure and the outcome was declared when its p-value was less than 0.05. prevalence is one way of direct standardization that adjusts the occupational injury rate by all independent risk factors except SPD. Here, the predicted marginal rate of occupational injury in SPD workers is the weighted mean across the entire study population, under the assumption that every worker is distressed psychologically, but it holds all of the other characteristics the same between the two groups. Therefore, any observed difference in occupational injury rates between SPD and non-SPD workers can be interpreted as exclusively due to the existence of SPD. Several studies have suggested using the predicted marginal prevalence rather than the traditional odds ratio when presenting population survey results [27] [28] [29] . The predicted marginal prevalence may convey the scale of the outcome of interest, and consequently helps to interpret the magnitude of the effect or difference more easily without comparing it to a reference group. Other methods for estimating the predicted marginal rate can be found elsewhere [29] . A multiple logistic regression model was used to estimate the effects of SPD on the probability of having an occupational injury. Two regression models were considered to determine the likelihood of occupational injury as a function of the SPD controlling for appropriate covariates, such as age, gender, race, income, co-morbidity, education, occupation, obesity, smoking, and drinking. One was a bivariate logistic regression model in which the main independent variable was SPD. This model examined each individual potential covariate in turn, testing the correlation to estimate the extent of change to the model. The other was a multivariable model considering all covariates found to be significant in the bivariate regression process to build a final model, which was then used to predict the odds of experiencing an occupational injury because of SPD during the survey period, while adjusting for potential covariates.
All analyses were performed using SAS was 17.64 with a range of 13 to 24 among workers with SPD, while it was 6.77 (range 3 to 12) in the non-SPD group.
Selected demographic characteristics of the study populations with and without SPD are shown in Table 1 . As expected, workers with and without SPD showed substantial differences in the distribution of demographic characteristics. Psychologically distressed workers were more likely to be female (61.29%), slightly older(25.95% for ages 45-54), and with less than a high school education (28.07%) than workers without SPD. They were also more likely to live with an annual income below $20,000(38.60%), tended to be divorced, widowed, or separated (24.70%), and included a higher proportion of current smokers(45.01%) and obese individuals (34.56%). The distribution of race/ethnicity did not differ significantly between the two groups. Regarding job-related factors, a higher proportion of workers in service occupations and with shorter job tenure had SPD.
Another substantial difference between the SPD and non-SPD groups was co-morbidity status. Of the workers with SPD, 65% had at least one health condition that limited their functional activity versus only 22.53% of non-SPD respondents. The mean number of comorbidities among workers with and without SPD was 1.31 and 0.29, respectively. In both groups, 90% of the conditions limiting activities were chronic. The distribution of comorbid conditions between SPD and non-SPD workers differed significantly. In SPD workers, the proportion of co-morbid conditions was in the order depression(24.29%), back pain (16.55%), and musculoskeletal disorders (11.13%), while the non-SPD workers had higher proportions of back pain(24.97%), arthritis(17.27%), and fractures(14.27%). Other conditions, such as cardiovascular and respiratory problems, cancer, and obesity, were distributed similarly regardless of SPD (data not shown). Table 2 presents the age-adjusted injury rates and selected injury-related characteristics by SPD. Workers with SPD had a higher prevalence of injury over the previous 90 days. Overall, 0.80% of workers with SPD experienced occupational injuries compared to 0.58% of non-SPD workers. With SPD, workers had more lost workdays(13.76 days) and paid sick leave. There were minor differences in occupational injury types in workers with and without SPD, although there were too few occupational injury cases to yield a meaningful comparison. Those with SPD were more likely to suffer fractures, burns, and contusions. Sprains and strains, open wounds, and fractures accounted for more than half of the injuries in both groups. The distribution of body parts injured did not differ significantly between the two groups. Table 3 presents the bivariate and multivariate odds ratios(ORs) and their confidence intervals for the association between SPD and occupational injury. The predicted marginal prevalence of occupational injury rates in each subgroup is presented together with the OR. The results suggested that workers with SPD were 36% more likely to experience occupational injuries than workers who did not have SPD. The predicted margin of occupational injury prevalence for both groups was 0.78 and 0.58%, respectively. The association between SPD and occupational injury experience was marginally significant in the bivariate analysis (OR=1.36, 95% CI=1.00-1.83). Variables that had significant positive associations with the risk of occupational injury in the bivariate analysis were male gender (OR=2.21), age 18-44 (OR=1.64), education (high school; OR=1.44), occupation (service group; OR=2.69, blue collar; OR=4.10), and current smoker (OR=1.63). Among health conditions, activity limitation due to any health condition had approximately two times greater odds, including 1.55 for depression, 2.4 for back pain, and 2.7 for fracture (data not shown).
Before building the final model, the individual covariate was tested with the correlation and extent of change in the estimate in the bivariate model. The final model was built using the likelihood ratio test, which yielded a set of SPD, age, gender, race, education, occupation, and activity limitation. Smoking, obesity, current drinking, and income were excluded from the final model because they did not show significant associations in the bivariate model or had virtually no effect on the estimate in the multivariate model. SPD was kept in the model as the main independent variable in this study. SPD increased the risk of occupational injury by 34% after controlling for gender, age, race, education, occupation, and activity limitation due to any condition (OR=1.34, 95% CI=0.93-1.92). All other risk factors indicated an increased risk for occupational injury, including age, gender, race, education, occupation, and activity limitation due to any health condition. In addition, the likelihood ratio test was used to examine whether the effect of SPD on an occupational injury was modified by activity limitation due to any health condition. The interaction between activity limitation and SPD was not significant.
DISCUSSION
This study examined the association between SPD and occupational injury among US employees aged 18-64 years using a nationally representative sample. SPD was associated with a 34% increased risk of occupational injury, and the effect estimate was not substantially attenuated by adjusting covariates, including activity limitation by any health condition. The pattern of greater odds of occupational injury in workers with SPD compared to non-SPD workers was consistent, although the 95% confidence interval contained the null value in occupational injury. Binge drinking and obesity were not significantly associated with the odds of occupational injury, while current smoking was. Gender, occupational class (service group and blue collar) significantly increased the odds by up to 4.10 times compared to non-SPD workers. Overall, the odds of occupational injury were increased for psychologically distressed workers compared to non-SPD workers. These findings showed that having SPD is associated with a higher risk of occupational injury with limited statistical power.
This result needs to be interpreted with caution. First, NHIS is a cross-sectional survey, so that it did not differentiate whether SPD had existed before the occupational injury or whether it was a subsequent result. In reality, occupational injury may cause SPD as a provoking agent, and SPD can increase the likelihood of an occupational injury. The results of this study assumed that the direction of interest was one way: SPD causes a risk of occupational injury. This assumption is based on several explanations. One is that studies reported that the NHIS respondents mostly remembered injury episodes within 5 weeks, and these were more likely to be minor acute injuries. Warner et al. suggested assuming a 5- week recall period in estimating the annual prevalence, rather than 3 months [31] . Since the nature of SPD, especially depression, is chronic and episodic, while the injury is often acute, it is more likely that either injury and SPD co-existed simultaneously within 1 month or pre-existing chronic SPD had an impact on the acute occupational injury. Another explanation comes from studies evaluating the effectiveness of K-6 as a way of screening for the 12-month prevalence of mental illness, as well as the current prevalence in the general population [32, 33] . Generally, K-6 is an effective indicator of the presence of mood and anxiety disorders and could measure both the current and 1-year prevalence with areas under the curve(AUC) of 0.866. Therefore, these study results may have better implications for the direction from SPD to occupational injury rather than occupational injury to SPD, although they are not mutually exclusive. Second, the predicted rate of occupational injury in this study was lower than the current estimated prevalence in the general US population. This is due to possible recall bias from self-reported data. The underestimation of the injury rate in the 3-month reference period at NHIS has been pointed out, although it was not expected to be differential when reporting occupational injury and SPD [34] . Studies found that respondents were more likely to remember an injury episode within 5 weeks, and suggested using a 5-week recall period when estimating annual prevalence, rather than 3 months [31, 34] . The predicted marginal prevalence of occupational injury in this study was similar to, that from other populationbased sources of injury data under this assumption. However, a relatively small number of occupational injuries and not enough job detail information limited the analysis, making it difficult to examine the differential effect of SPD on occupational injury by gender, nature of injury, or for a specific occupation.
Lastly, the lack of data on several potential risk factors may limit the ability to detect a relationship between SPD and occupational injury. For example, this study found no association between the effect of current drinking on the risk of occupational injury in workers with and without SPD, which may be partly due to insufficient ability to capture the intensity of alcohol intake, rather than the lack of a true association. Another example is that NHIS does not include any medical history that might indicate whether respondents had an injury before SPD prior to the interview. Since a history of mental illness is one of the strongest predictors for the risk of developing SPD, this lack of information may bias the result toward the null. Despite these limitations, this study found suggestive evidence of an association of SPD with occupational injury. Of the covariates, occupational class consisting of service and blue collar workers had the strongest effect, and this tendency did not change with the multivariate adjustment including comorbidity. While most previous studies examining the association between SPD and injury reported mixed evidence, this finding is consistent with previous reports of an elevated risk of injury for persons with SPD. Besides occupational class and gender, activity limitation by co-morbidity consistently increased the odds of occupational injury in workers with SPD. The effect of co-morbidity on the odds of an occupational injury varied with the medical condition. Not surprisingly, workers with more severe conditions, e.g., a missing limb or fracture, had a higher likelihood of getting an occupational injury than workers with less severe conditions, such as hypertension or obesity. However, adjusting for limited activity by co-morbid condition did not substantially attenuate the association between SPD and occupational injury, suggesting that a coexisting health condition may not explain the larger part of the association between SPD and occupational injury. Although there was insufficient statistical power, the findings of a positive association suggest that SPD is related to increasing the risk of an occupational injury.
Mental illness such as depression may lead to a traumatic event. Several researchers have identified pre-existing mental health problems as an individual risk factor for unintentional injury [11, 12, 25, 35] . Peeler and Tollerud [25] reported a pilot study exploring the relationship between pre-existing depression and subsequent occupational injuries. They suggested that depression might serve as a precursor to occupational injury for women. Wan et al. [35] found that individuals with mental illness had twice the rate of unintentional injury and 4.5 times the odds of injury recurrence; in that study, mental illness was a more robust predicator of injury than substance abuse. Poole et al. [12] also pointed out the recurrent tendency of both intentional and unintentional injuries and found that injury victims have a higher tendency of psychopathology, although the diagnosis of disease depended on the nature of the injury. Dewa et al. [36] explained that untreated mood disorder can impair cognitive function and increase accident proneness, and demographic social factors are associated with poor safety.
Some studies have suggested a mechanism by which SPD plays a role in increasing the risk of unintentional injury. One of the suggested mechanisms is that SPD causes injury through 1) the adverse effects of SPD treatment, such as psychiatric medication, including fatigue, sleeping disturbance, and cognitive impairment [10, 37, 38] ; or 2) the symptoms of SPD itself, such as drowsiness, lack of concent-ration, and loss of interest [12] . Another explanation is that some of the individual behaviors related to SPD may also be related to behaviors that cause occupational injury. For example, SPD may increase workrelated stressors [39] , but may also influence occupational injuries through associations with smoking habits, excess alcohol use, weight problems, or the use of psychotropic drugs [40] . Clarifying the pathway between occupational injury and SPD, and quantifying the reciprocal relationship remains a challenge.
This study had the advantage of adding suggestive evidence of an association between SPD and occupational injury using a nationally representative sample. In addition, this study estimated the predictive marginal prevalence rate of occupational injury and SPD among employees in the US, which has a broader spectrum and is easier to understand. By examining the association between SPD and occupational injury specifically, these findings suggested that workers with SPD have higher odds of occupational injury. This study addresses the need for further analyses using longitudinal data that will explore the reciprocal relationship between SPD and occupational injury. These findings can have practical implications for managing mental health problems at the workplace by addressing the need to intervene with appropriate tools for recognizing workers at risk for SPD and occupational injury. Early intervention and treatment of workers with SPD reduces the economic burden of SPD and will benefit work productivity and have more general social benefits. Occupational health policy in the workplace should consider the potential impact of SPD, and should note the need for intervention policies to improve mental health and prevent further occupational injuries.
An association between SPD and occupational injury prevalence was observed. These findings suggest that SPD increased the likelihood of occupational injury in US employees aged 18-64 by 34%, after adjusting for age, gender, race, education, occupation and activity limitation by any medical condition. Further longitudinal research is needed to differentiate the mechanism or causal pathways linking individual injury risk at the workplace, SPD, and socioeconomic factors.
